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The Mission of an ES Specialist

The NRCS Mission: “Provide resources to farmers
and landowners to aid them with conservation.
Ensuring productive lands in harmony with a healthy
environment is our priority.”
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\QJ https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/people/ nrcs.usda.gov/
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The Mission of an ES Specialist

The NRCS Mission: “Provide resources to farmers
and landowners to aid them with conservation.
Ensuring productive lands in harmony with a healthy
environment is our priority.”

An ES Specialist’s Mission: Produce ecological
knowledge resources in support of conservation
planning

Natural
Resources
Conservation
Service

@ https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/people/ nrcs.usda.gov/
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Ecology—the study of life, In_ context

Biology—the study of life

Environmental Context:
Climate / Microclimate
Geology / Geomorphology
Hydrology

Solls

Land use / Disturbance
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Ecology—the study of life, In_ context

Biology—the study of life

Environmental Context:
Climate / Microclimate
Geology / Geomorphology
Hydrology

Solls

Land use / Disturbance

Natural
Resources

“Life is governed by the distribution of bio-available iRk

Service

\QJ nutrients, water, and energy through time and space.”
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Ecological Site Definition

1) A conceptual division of the landscape into distinctive
types...
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Ecological Site Definition

1) A conceptual division of the landscape into distinctive
types...

2) based on recurring patterns in soils, topography,
geology, climate, hydrology, etc...

A—— T —




Ecological Site Definition

1) Aconceptual division of the landscape into distinctive
types...

2) based on recurring patterns in soils, topography,
geology, climate, hydrology, etc...

3) which differ from other types in their ability to produce
distinctive kinds and amounts of vegetation...
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Ecological Site Definition

1) Aconceptual division of the landscape into distinctive
types...

2) based on recurring patterns in solils, topography,
geology, climate, hydrology, etc...

3) which differ from other types in their ability to produce
distinctive kinds and amounts of vegetation...

4) AND, in their ability to respond to disturbances (both
natural and anthropogenic).

Natural
Resources
Conservation
Service

@/ National Ecological Site Handbook, Part 630, Subpart A, 630.1
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Organizing Ecological Knowledge

Context-dependent
knowledge

Spatial context
for observations

Temporal context
for observations

Resource
Conservation

State-and-transition

model

©

drained to excessively well-drained, and

State and Transition Model

9 Steps of Conservation Planning
ﬁ

-Obstruction removal
-Prescribed burning

Reference State Concept ~ ESG 7. Sandy Forests
Dry soil conditions, wind, insects, and i Reference—MMixed Conifer Step 1 Identify concerns
occasionally wildfire drive species oo e . .
composition and dynamics. Mostly _Brush management (1-7 year-old stands) Step 2 Determine objectives
white and red pine forests (some jack mm————- -Stand improvement (3-15 year-old stands) |« — — = = = = .
pine) mixed with other conifer species TR NG A0 SoyeersyeanSltands) e ; Step 3 Identify resources
including red spruce, hemlock, and | ! ~Nesting structures ! !
balsam fir. Few hardwoods, includin, ! . -Patch creation ' :
, g ! . % ! Step 4 Analyze data

red maple, paper birch and bigtooth 1 : \ | : -
aspen. ! 1 ! ! 1 i .

5 D ! ! I Step 5 Formulate alternatives
Ecological Drivers—Historic and 2 Pine Fore_st - - — 3. Spruce-Fi_r Forest
Modern mmbsceosn Lo - — A Step6 | Evaluate alternatives
Timber production practices. -Stand improvement (7-15) : 1 -Stand improvement (3-10)

: 3 2 -Pruning (20-80 years) 1 L -Pruning (10-40 years) i<l
Fire-relatively more important on these R s i 2 RemlockForect Tednll e Step 7 Make decisions
sites than others (except perhaps -Nesting structures 'L Timber Production -Nesting structures
shallow group [6]), especially with jack -Patch creation "~ =7 -limited value [ 77" T "L Patchcreation Step 8 Implement plan
pine sites. ; 1 Wildlife Habitat ;

i 2 5 A I L -Nesting structures I

Insects and disease—white pine blister i ! patich creation N Step 9 Evaluate plan

rust, spruce budworm, white pine 1 I ! - o ; "

weevil all native to this site. : : i :
Within-group gradients / Context- : : . '
dependencies - * o :
i ' 5. Intensively-managed Cleared Land 1
This group ranges from moderately well- 1 Blueberry production !
1 1
1 1
I 1

from very steep to very gentle slopes.
The effects of these and other gradients
on species composition and response to
disturbance are yet to be determined.

-Shrub pruning fa—
Pasture or hay production

-Obstruction removal

-Livestock or irrigation water development
Gravel Pits
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Organizing Ecological Knowledge

Spatial context
for observations

Temporal context Context-dependent
for observations knowledge

State-and-transition Resource
Model Conservation

State and Transition Model 9 Steps of Conservation Planning
ESG 7. Sandy Forests —

Step 1 Identify concerns

Reference State Concept

Dry soil conditions, wind, insects, and
occasionally wildfire drive species
composition and dynamics. Mostly
white and red pine forests (some jack
pine) mixed with other conifer species

1. Reference—Mixed Conifer
Timber Production 5 g -

-Brush management (1-7 year-old stands) Step 2 Determ|ne Objectlves
________ -Stand improvement (3-15 year-old stands) e
-Pruning (10-80 years year-old stands)

Step 3 Identify resources

-Obstruction removal
-Prescribed burning
——————— <+ -Shrub pruning M = - ——
Pasture or hay production

-Obstruction removal

-Livestock or irrigation water development
Gravel Pits

drained to excessively well-drained, and
from very steep to very gentle slopes.

The effects of these and other gradients
on species composition and response to
disturbance are yet to be determined.

!
f ) | r === Wildiife Habitat - === |
including red spruce, hemlock, and | : “Nesting structures : -
y " i G ;

:1:‘;5::: f;nr. Few ha?w:od.;, u?cludlng ' : IPatch creation . : : Step 4 Analyze data

ple, paper birch and bigtooth 1 i ' 1 1 i
aspen. ! 1 ! ! 1 i .

5 T ! ! I Step 5 Formulate alternatives

Ecological Drivers—Historic and 2. Pine Forest — —| 3. Spruce-Fir Forest
Modern Tmperproducton L Lo ). - T Step6 | Evaluate alternatives
Timber production practices. -Stand improvement (7-15) i ! -Stand improvement (3-10)

: 3 2 -Pruning (20-80 years) 1 L -Pruning (10-40 years) i<
Fire-relatively more important on these Wildlife Habitat ! 4. Hemlock Forest Wildlife Habitat Step 7 Make decisions
sites than others (except perhaps -Nesting structures 'L Timber Production -Nesting structures
shallow group [6]), especially with jack -Patch creati(l)n [ : =il -Iligl\ifted v:lue [rememi?]_<patch: creati:)n Step 8 |mp|ement p|an

H i Wildlife Habitat
pine sites. i i o A : ! -Nesting structures :

Insects and disease—white pine blister i ! patich creation i Step 9 Evaluate plan
rust, spruce budworm, white pine 1 I ! . — "
weevil all native to this site. : : : :
Within-group gradients / Context- : : : :
dependencies - - = :
i ' 5. Intensively-managed Cleared Land 1
This group ranges from moderately well- 1 Blueberry production !
1 1
1 1
I 1
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Organizing Ecological Knowledge

Spatial context
for observations

Temporal context
for observations

Context-dependent
knowledge

State-and-transition Resource
Model Conservation

State and Transition Model 9 Steps of Conservation Planning
ESG 7. Sandy Forests

Reference State Concept

-Obstruction removal
-Prescribed burning
——————— <+ -Shrub pruning M = - ——
Pasture or hay production

-Obstruction removal

-Livestock or irrigation water development
Gravel Pits

drained to excessively well-drained, and
from very steep to very gentle slopes.
The effects of these and other gradients
on species composition and response to
disturbance are yet to be determined.

Dry soil conditions, wind, insects, and i Reference—MMixed Conifer Step 1 |dent|fy concerns
occasionally wildfire drive species oo e . o
composition and dynamics. Mostly _Brush management (1-7 year-old stands) Step 2 Determine objectives
white and red pine forests (somejack ~ B =0 0 —------- -Stand improvement (3-15 year-old stands) |« — — = = = = a
pine) mixed with other conifer species el i e SR aryear ol snds) - Step 3 Identify resources
including red spruce, hemlock, and Nesting structures
balsam fir. Few hardwoods, including -Patch creation Step 4 Analyze data
red maple, paper birch and bigtooth
aspen. .
P Step 5 Formulate alternatives
Ecological Drivers—Historic and 2 Pine Fore_st - - = 3. Spruce-Fi_r Forest
Modern Tmperproducton L Lo ). - T Step6 | Evaluate alternatives
Timber production practices. -Stand improvement (7-15) : 1 -Stand improvement (3-10)
o 5 2 -Pruning (20-80 years) 1 L -Pruning (10-40 years) ici
Fire-relatively more important on these Wildlife Habitat ! 4. Hemlock Forest Wildlife Habitat Step 7 Make decisions
sites than others (except perhaps -Nesting structures 'L Timber Production -Nesting structures
shallow group [6]), especially with jack -Patch creation " "1 T 7] -limited value [~~~ " *_Patch Cicatiar Step 8 Implement plan
pine sites. ' 1 Wildlife Habitat '
. B s A I L -Nesting structures I
Insects and disease—white pine blister i ! -patchidreation - Step 9 Evaluate plan
rust, spruce budworm, white pine 1 I ! . — "
weevil all native to this site. - ! . .
Within-group gradients / Context- : : . '
dependencies - - = :
i ' 5. Intensively-managed Cleared Land 1
This group ranges from moderately well- 1 Blueberry production !
1 1
1 1
I 1

©
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Organizin

Spatial context

for observations

©

Reference State Concept

Dry soil conditions, wind, insects, and
occasionally wildfire drive species
composition and dynamics. Mostly
white and red pine forests (some jack
pine) mixed with other conifer species
including red spruce, hemlock, and
balsam fir. Few hardwoods, including
red maple, paper birch and bigtooth
aspen.

Ecological Drivers—Historic and
Modern

Timber production practices.
Fire-relatively more important on these
sites than others (except perhaps
shallow group [6]), especially with jack
pine sites.

Insects and disease—white pine blister
rust, spruce budworm, white pine
weevil all native to this site.

Within-group gradients / Context-
dependencies

This group ranges from moderately well-
drained to excessively well-drained, and
from very steep to very gentle slopes.
The effects of these and other gradients
on species composition and response to
disturbance are yet to be determined.

Temporal context

for observations

State-and-transition

e

Model

State and Transition Model
ESG 7. Sandy Forests

1. Reference—Mixed Conifer
Timber Production
-Brush management (1-7 year-old stands)
-Stand improvement (3-15 year-old stands)
-Pruning (10-80 years year-old stands)

2. Pine Forest
Timber Production
-Brush management (1-7)
-Stand improvement (7-15)
-Pruning (20-80 years)
Wildlife Habitat
-Nesting structures
-Patch creation

5. Intensively-managed Cleared Land
Blueberry production

-Obstruction removal
-Prescribed burning

1
-+ Wildlife Habitat o o g I
-Nesting structures : :
-Patch creation ' 1
3 T 1 1
1 1
1 1
1 1
1 1 1
: ; ! +
— —| 3. Spruce-Fir Forest
i Timber Production
- 'L _________ T T T T === -Brush management (1-7)
1 1 -Stand improvement (3-10)
1 L -Pruning (10-40 years)
A 4. Hemlock Forest Wildlife Habitat
'L Timber Production -Nesting structures
[~ 71 T 7| -limited value [~ = 1~ = *|__-Patch creation
! Wildlife Habitat i
: -Nesting structures I
1 -Patch creation I
1 1
I 1
1 T 1
1 1 :
1 1
v v 1
1
1
1
1
1
1

<+ -Shrub pruning
Pasture or hay production

-Obstruction removal

-Livestock or irrigation water development
Gravel Pits

g Ecological Knowledge

Context-dependent
knowledge

Resource
Conservation

9 Steps of Conservation Planning

Step 1 Identify concerns

Step 2 Determine objectives

Step 3 Identify resources

Analyze data

Step 4

Formulate alternatives

Step 5

Evaluate alternatives

Step 6

Step 7 Make decisions

Step 8 Implement plan

Evaluate plan
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Ecological Sites, Now and in the Future

Ecologlcal Site Groups (ESGs of MLRA 143)

See poster

« Johanson, J. K., Butler, N. R., & Bickford, C. I. (2016).
Classifying Northern New England Landscapes for Improved
Conservation. Rangelands, 38(6), 357-364.

Provisional Ecological Sites

 See poster
« Data collection, analysis, writing and reviews

Existing very large datasets—how do we leverage these?
* NRCS Forest Management Plan data (CAP-FMP) Natural

Resources

* Inventories from conservation partners Conservation

Service

@ (e.g. Natural Heritage, NatureServe)
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Ecological Land Resource Hierarchy

Soil-LAND RESOURCE HIERARCHY Ecological-LAND RESOURCE HIERARCHY

Land Resource ;‘y Land Resource
Region (LRR) A Region (LRR) 5’?
Major Land Resource ; Major Land Resource ;
Area (MLRA) 3 Area (MLRA) 3

A \
-

- Qrder S+

Land Resource 55
Unit (LRU) =

!

Land Resource
L i | |
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Ecological Site Groups—MLRA 143

Ecological Site Groups
of MLRA 143

: <
t %

New Ha

Massachusetts

L

Kilometers
300

\
Legend and Percent Area of Ecological Site Groups in MLRA 143
:l MLRA_143 I 8_Loamy_Forests
- 1_Floodplains - 9_Clay_Forests

2_Open_Wetlands Water
- 3_Wooded_Wetlands Not_Surveyed
[ 4_Awpine_subalpine [l Made_Land
5_Open_Uplands :l NE_States
[ 6_shallow_Forests 3D_image_area

- 7_Sandy_Forests

—
Ve % -

_/

Sources: Esri, USGS, NOAA
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Ecological Site Groups—I\/ILRA 143

Guiding Principles:

*  Minimum number of groups with
maximum STM utility

» Similar hydro-geomorphic settings,
plant functional groups, and
disturbance regimes

Legend

[ MLRA_143
- 1_Floodplains

2_Open_Wetlands
I 3_Wooded_Wetlands
' 4_Aipine_Subalpine
' 5_Open_Uplands
- 6_Shallow_Forests
I 7_sandy_Forests

- 8_Loamy_Forests

- 9_Clay_Forests

Water
Not_Surveyed

B VMade_Land

ArcScene_AOI

D NE_States




Ecological Site Groups—MLRA 143

Provide generalized ecological information at
another scale (landscape) in the hierarchy

Improve efficiency of ES development by grouping
similar sites

May facilitate MLRA-wide analyses of very large
datasets by providing hydro-geomorphic stratification
criteria

Other benefits yet to be determined, but at little to no
additional cost
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Provisional Ecological Sites
2015 field sampling:

» 202 paired soils-veg plots across till catenas in central Maine
» ~30-60 minutes each plot (1 soil scientist, 1 ES specialist)
» Rapid full pedon description (aggregate similar horizons)

« Tenth acre veqg plot
« DBH of trees > 12.5 cm
» Cover class of all spp, 3 height classes

» Photos, notes, slope, aspect, etc.

Figure 1. Simplified Chesuncook Catena with Corresponding Tree Species--DRAFT

Cedar/Red ! Cedar/ Spruce . Mixedwood I Hardwood I Hardwood I Mixedwood I White pine | Spruce/Fir ' Black spruce/ | RedSpruce | Protected
maple Bottom ! Toeslope Toeslope ' Footslope I Backslope | Backslope I Shoulder | Summit I Heathshrub | Shoulder | Concave site
I (Cedar, Red (Vellow birch, | (Yellow birch, | (Beech, Birch, | (Beech, Maple, | | (&Redmaple) | RockPocket | (& White | (Sugar maple,
I spruce, Maple, Fir, I Maple, Beech, | Maple, | Redspruce, Fir) 1 1 I (& White pine) | birch) 1 White ash,
| Brown ash, Red spruce, I Hemlock) | Hemlock) | 1 v 14 ) 1 1 1 Yellow birch,
1 Red maple) 1 1 | 1 i { |l 1 1 Beech)
I 1 I 1 I 1
1 1 "
1

I
I
|
|
|
| Cedar)
1
I
I
I
|

g

7 o
1 !
7 1 : ,
.1 ;~
P 1 6(0" T !
| 1 1 - :' .....
L : . [ 1 7t i
Organic Soil - i i 1 i
1 I 1 I 1 I i
queak | ™ da I Monarda 1 Telos 1 Chesuncook : Elliottsville 1 Monson 1 Abram I Knob Lock I Hogback | Enriched till
Bucksport I Burnham I Telos I Chesuncook | Elliottsville | Monson 1 Abram 1 Knob Lock I Rock Outcrop | Rawsonville |
Very poorly I poorlytovery | somewhat poorly | Moderately wellto 1 Moderately wellto | Well to so h 1 hat i ywel 1 ivelywell | Welldrained, | Moderately
drained, deep | Ppoorly drained, | to poorly-drained, | somewhatpoorly | well dramed excessively drained, |  toexcessively well dralned very  shallow I drained, very shallowto | well drained,
organic soils |deep organic over | deep to very deep |drained, deep to very 1 d ly deep to d ly deep to | drained, shallow tovery = mineral soil with | shallow pockets of moderaﬁe"/ deep " very deep,
mineral soils. densic till soils deep densic till soils * deep den5|c till soils | shallow desic till soils shallow over bedrock organic pockets organic soil °"83"'CI°V§: rv;l;revr:r;;l
mineral soi

Natural
Resources
Conservation
Service
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Multivariate Statistical Patterns

Hierarchical clustering and NMS ’ T * o

ordination help relate vegetationto °| o I . ] |

soil and site properties: S o o g I . -
Red—diverse northern hardwoods ~ - mm—=_0] [ie_ __ '.if—'ﬁ S| U
Blue—diverse mixedwood WO 5 U O .0 W % S8 T N, N ENA O . . 30
Green—beech / sugar maple o T I

Purple—cedar / black spruce I : " N *
Orange—white pine dominated 3 I 3 I B B ik N
Yellow—red spruce dominated SF BTN BT Y B O e

£l

100

2
i

oOuhwNE

I T T ) T2z 3 4 s 6 v 2 3 4 s e 12 3 4 s 6
beech BA by groups hemlock BA by groups red oak BA by groups white birch BA by groups
303 i o 2 8 4
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002 = 2 ; g1 g
hite. pie o4
104 2 gt 1001 T - 8 1
e 3801 403 2904 2108 < H : 8
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Multivariate Statistical Patterns

= — =
:
! ' i
* ) I '
P -
[ - !
- LT !
! :
' 1 1
' 1 1
1 1
] |
!
- \
; L
! !
: 1
! !
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! 1

Hierarchical clustering and NMS

02 04 06 08 10
L L

45 50 55 6.0 B85 70

or(_jlnatlon_ help relat_e vegetationto . | -----i
soil and site properties:
1. Red—diverse northern hardwoods 1 T 1 11 AR T 7 13 é
i i Longitude by groups relative elevation by groups Maximum soil pH by groups
2. Blue—diverse mixedwood
3. Green—beech / sugar maple ST I | - T
4. Purple—cedar / black spruce | i+ i T B IR B
. . . " & i ; 2 - ; l
5. Orange—white pine dominated .. l 9 B I o s -— i
6. Yellow—red spruce dominated I ey | ! " l i 3=~ +F==
) Latltude by groups 1elevzatioan b; grosups‘5 Min1imu:n sc3>il pI‘-I bys grc:ups
' ... NMS vector overlays suggest statistically
) significant correlations between vegetation and
several soil / site variables:

MDS2

00

Red—semi-rich footslopes, PD-SWPD
Blue—acidic slopes, MWD-SED
Green—acidic shoulders, WD-SED
Purple—cedar bottoms, VPD-PD
Orange—summits and shoulders, SED-ED
Yellow—acidic (also humic), SED-ED
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ook owpnE

05 00 05
2-dimensional NMS of cluster groups, env vars in species space
MDS1
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Site_concept: This site occurs where soils are shallow over bedrock, usually on
upper slopes and shoulder positions which shed water. The well-drained soils are
characterized by very dark surface colors and a dark red subsurface horizon,
indicative of high organic matter content. Slopes can be gentle to very steep. The
plant community is dominated by red spruce, often with a few scattered white pine.
Velvetleaf blueberry and liverworts are common in the understory. Though the soils
of this site are distinctive and red spruce dominance is a repeatable pattern, it
could potentially be combined with Shallow Till based on many similarities between

the soils and vegetation of these two sites.

Drainage class
Texture class (PSC)
Depth

Slope

Elevation

Water Table Depth
Ponding

Parent Material
Landform

Reference Vegetation

Soil Components (by
series)

Well

Coarse-loamy, loamy

10-45 inches to bedrock

Mostly 3-60%, up to 80%

800-4400 feet

None

None

Till with high organic carbon

Hills, mountains, ridges, till plains

R spruce, liverworts, velvetleaf blueberry

Abram, Hogback, Rawsonville, Killington, Ricker

ES 603 - MLRA 143
Shallow Humic Till (Red spruce)
The red portions of this map represent areas where this ecological
site is most likely to occur within MLRA 143 based on
existing soils and topographic information.

The grey portions represent areas where this ecological site is
likely outside the current MLRA 143 boundary.

Additional instances of the site may also occur inside _/’

and outside the boundary of MLRA 143.

0 25 50 100 150 200

[ b

Legend
I 143_603

| MLRA_143

| l NE_States
N 03

AN}
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Very Large Existing Datasets

NRCS CAP-Forest Management Plans

Bl SEE_
»  2009-2016, Maine only # of Plans/Town giss |
1,395 plans in toolkit o
« ~335,000 acres contracted B
1 cruise plot for every 3 acres planned 0 =15 -‘:
« ~111,000 cruise inventory plots | o T

Cumulative Acres (Maine)
350000

300000

250000
200000
150000
100000
50000 I
o = N

2009 2010 2011 2012 2013 2014 2015 2016

Natural
Resources
Conservation
Service

nrcs.usda.gov/
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Very Large Existing Datasets

Society for the Protection of New
Hampshire Forests

« 12, 075 georeferenced cruse plots
 ~74,000 trees
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Society for the Protection of New

Hampshire Forests

v be M = «
-2 e et .8
3 2 3 2
|-2 2 .0 -5
5 5 5 =
Iz ) B -3
e . “ . -
-3 .3 .3 e
It-§ .8 2 8
© a5 o o
o | 8 -2 -3
o | wE ~E -2
][ ¥ 5% iR
< E- - - -
» ® o w e w
= = = £
.2 a ol .8
3 ] 3 °
-0 -3 -2 -5
5 e [ 2
sy .o g -3
) B ) <
.8 & R G
2 x 8 a
il -3 “® - 9
s o L £
nm IM & n'.m
3 & 3 2
~ - o - o
o w® @ om % 0
b b
= B ) I = _"N
‘e 18 - 18 n L
-5 |-2 < -2 e 3
] Y o 2
-5 T ez o
> 2 2
-3 ..._vM e | -z -8
- s em S | - It=e o
og | ] g
o E o °
-8 -5 S % £
- | o It-s -8 -3
a
| O
' '
Lew
-3
bo3
o
4
Lo B
L.>
a
Le@
14
.
£
LB
o
LoZ
o
Lo Fe
Q
LeS Lo
< 0
LoDy .9W.
>
Lod Fo®
c o
r-e [z
e® Lo
> o
Lol La®B
© 2
g s
L.S La
o]
o @ o
T T T T T
o o o o 3 0
re e
3 Lo S
o3 L8
5 -
= o
Lo O Lo o
2 o
Lo @& Lo
1.2 .3
% -3
F e VBe
o o




Take Home Messages

Ecological Sites are an organizational
framework of knowledge

Ecological knowledge informs conservation
planning, and conservation informs ESDs

There are a lot of tools at our disposal, if we
can figure out how to use them to organize
our ecological knowledge

nrcs.usda.gov/
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Provisional ES =5 Certified ES - 2-5
years years

Region-wide projects Site-by-site projects Region-wide projects
Develop initial ES Test and refine ES concepts and keys— Make interpretations
concepts and keys Approve ESDs for general use of ES concepts
Correlate every soil Adjust correlations of soil components to “Finalize” correlations
component to ESs

provisional ES

_ Tier Il inventory Tier Il inventory

Many rapid, region-wide Site-by-site data collection; Test ES ES characterization at

observations concepts (i.e. hypotheses) representative
locations

|dentify repeatable Refine state-and-transition models; link Link interpretations to

patterns in soil-veg practices to ecological dynamics/processes STMs

relationships



